Water resource issues are a challenging area of research in semiarid regions of the world. The objective of the current study was to reveal the main characteristics of seasonal surface runoff for the semiarid western Heilongjiang Province of China. The Alun River Basin, which has hydrological and meteorological characteristics of the local region, was adopted as the study location. A distributed rainfall-runoff combined with snowmelt hydrological model was used to carry out the runoff calculation for the six years (2011)(2012)(2013)(2014)(2015)(2016). The results indicated that: The mean annual runoff coefficient was 0.34; snowmelt runoff accounted for 2.2% of annual total runoff in 2011-2016; the main part of annual rainfall and runoff was concentrated in the rainy season from June to September, the proportions of rainfall and runoff in this period were 78% and 86% to that of the annual means of 2011-2016; the peak flow represents a decreased trend since 2013, and evidently decreased in 2015 and 2016; less annual precipitation complex with paddy field retention of rainwater and runoff led to the peak flow and annual runoff coefficient in 2016 were obviously lower than that of annual means of 2011-2016. The results are expected to provide the basis for rational development and utilization of surface runoff, and further researches on surface runoff and water resources of the semiarid western Heilongjiang Province of China.
Introduction
Water resource issues are a challenging area of research in arid and semiarid regions of the world [1] . Semiarid regions are characterized by water scarcity, high-intensity and low-frequency rainfall, as well as runoff generation uncertainties [2] . The stability of agro-ecosystems in semiarid areas strongly depends on the highly effective use of precipitation and other water resources [3] . Crop production in semiarid environments depends heavily on the spatiotemporal distribution of seasonal rainfall [4] . Climate change impacts seasonal and annual rainfall characteristics [5] [6] [7] , thus impacting the runoff process [8] . River runoff and its seasonal trends directly affect the development and utilization of water resources in different basins. It is extremely important to study the characteristics of runoff changes and understand the behavior of these trends. Studying runoff processes in arid
Materials and Methods

Study Area
The Alun River Basin (47 • 37 -48 • 48 N, 122 • 04 -124 • 4 E; Figure 1 ) was chosen as the study location. This basin begins along the southeastern base of the Greater Khingan Mountain Range and stretches through eastern Inner Mongolia and the western Heilongjiang Province of China. The basin covers 6297 km 2 with a main river channel length of 318 km. Elevation in the basin ranges from 153-198 m a.s.l. The terrain gradually slopes from northwest to southeast, and the downstream area is located in the western part of the Songnen Plain [28, 29] . The Alun River Basin was chosen as the study area because it exhibits diversified landscape types in terms of geology, morphology, soils, hydrology, and climatic conditions, and it also represents several different land use patterns that are typical of the semiarid environment of western Heilongjiang. This basin is located within middle and high latitudes of northeast China with annual mean temperatures of 2.0-2.5 • C. Mean annual rainfall is 455 mm with highly irregular and uneven seasonal distribution. Over 70% of the total rainfall is received in a period from June to August [30] . Annual potential evapotranspiration exceeds 1000 mm, which is significantly higher than the annual precipitation [31] . The inadequate and unpredictable rainfall in addition to the dominant evapotranspiration often leads to seasonal water scarcity and rainwater deficiency. This is a widespread problem during the vegetation growth period. The ratio of annual rainfall and potential evapotranspiration lies in the range of 0.2-0.5 making this region part of the semiarid climatic zone [28, 32, 33] .
Hydrological Observations
Hydrological observations mainly included the observation of rainfall, snow depth, and discharge of river flow. Tipping rain gauges [model number: 7852M-L10, dimensions: ϕ165 × 240H (mm)] were used for rainfall observations (Site 1: 48 • Figure 1 ). The catchment area upstream from the flow observation section is 4212 km 2 , which accounts for 67% of the total basin area. To estimate the flow in the river channel, water level data were converted into discharge data. Manning's mean velocity formula was applied to the conventional method for data transformation from water level to discharge (Equation (2)) [34] . 47 .73 E). The data for rainfall and snow depth were also provided by the Naji Hydrological Station. Meteorological data including air temperature, solar radiation, wind speed, and atmospheric pressure were obtained from the Xinglong Meteorological Station (Figure 1) . Observations of rainfall and snow depth were also collected by this meteorological station. of annual rainfall and potential evapotranspiration lies in the range of 0.2-0.5 making this region part of the semiarid climatic zone [28, 32, 33] .
Hydrological observations mainly included the observation of rainfall, snow depth, and discharge of river flow. Tipping rain gauges [model number: 7852M-L10, dimensions: φ165 × 240H (mm)] were used for rainfall observations (Site 1: 48°1′30.68′′N, 123°34′6.90′′E; Site 2: 48°41′54.36′′N, 123°46′48.32′′E). The flow velocity in the river channel is very slow as the downstream terrain exhibits a gentle slope with a gradient generally lower than 1/2000. The flow discharge was observed on a section near the Naji Hydrological Station (48°5′42.15′′N, 123°28′7.44′′E; Figure 1 ). The catchment area upstream from the flow observation section is 4212 km 2 , which accounts for 67% of the total basin area. To estimate the flow in the river channel, water level data were converted into discharge data. Manning's mean velocity formula was applied to the conventional method for data transformation from water level to discharge (Equation (2)) [34] . Daily snow depth was measured via a millimeter scale (Point 1: 48°1′53.73′′N, 123°39′17.28′′E; Point 2: 48°1′55.99′′N, 123°38′47.73''E). The data for rainfall and snow depth were also provided by the Naji Hydrological Station. Meteorological data including air temperature, solar radiation, wind speed, and atmospheric pressure were obtained from the Xinglong Meteorological Station (Figure 1) . Observations of rainfall and snow depth were also collected by this meteorological station. 
Overview of the Development of a Distributed Hydrological Model
Estimation of surface runoff using rainfall-runoff models is an important set in the planning and development of limited water resources [35] . Different types of models have conventionally been proposed for rainfall-runoff simulation, such as the widely used models based on artificial neural networks [36, 37] , the Xinanjiang model of China [38, 39] , the GIS-based kinematic wave model [40, 41] , and stationary and non-stationary approaches were often used for rainfall and flood analysis of climate change [42, 43] . Each model has its own characteristics and advantages. GIS has been widely deployed in combination with the kinematic wave model for rainfall-runoff modeling of basins at various scales. The kinematic wave model is based on the resistance law of river channels. It is a physically-based model, as it uses physical parameters to characterize a basin [40, 44] . In a previous study, a GIS-based distributed hydrological rainfall-runoff model was combined with snowmelt data to simulate the Alun River Basin. The model employed the kinematic wave model in combination with the energy budget method. The model was then fully validated [19] . 
Estimation of surface runoff using rainfall-runoff models is an important set in the planning and development of limited water resources [35] . Different types of models have conventionally been proposed for rainfall-runoff simulation, such as the widely used models based on artificial neural networks [36, 37] , the Xinanjiang model of China [38, 39] , the GIS-based kinematic wave model [40, 41] , and stationary and non-stationary approaches were often used for rainfall and flood analysis of climate change [42, 43] . Each model has its own characteristics and advantages. GIS has been widely deployed in combination with the kinematic wave model for rainfall-runoff modeling of basins at various scales. The kinematic wave model is based on the resistance law of river channels. It is a physically-based model, as it uses physical parameters to characterize a basin [40, 44] . In a previous study, a GIS-based distributed hydrological rainfall-runoff model was combined with snowmelt data to simulate the Alun River Basin. The model employed the kinematic wave model in combination with the energy budget method. The model was then fully validated [19] .
Equations for Runoff Calculation
Equations (1)- (3) were used to calculate surface flow:
where, t is the time factor, (s); x is the spatial factor in the flow direction, (m); h is the depth of water, (m); q is discharge of unit width, (m 2 /s); r is the effective rainfall, (m/s); f 1 is mean infiltration rate of the first soil layer, (m/s); v is flow velocity, (m/s); R is hydraulic radius, (m); n is coefficient of roughness, (s·m −1/3 ); I is gradient; and α and m are the slope constants. The value of m is 5/3 when R is approximately replaced by h.
Equations (5)- (7) were used to calculate infiltration flow:
where, λ is effective porosity; h is depth of infiltration flow, (m); q is discharge of unit width of infiltration flow, (m 2 /s); f 2 is mean infiltration rate of the second soil layer, (m/s); ET is evapotranspiration, (m/s); v is velocity of infiltration flow, (m/s); k is coefficient of permeability, (m/s); H is hydraulic head of the infiltration flow, (m); and other factors correspond to those mentioned above. Calculation of surface flow and infiltration flow algorithms was established by using Equations (1)- (7) in combination with the finite difference method [19] .
Equations for Snowmelt Calculation
Snowmelt calculation was achieved by calculating the heat budget process in the snow cover layer using Equations (8)- (10) [45, 46] :
where, Q g is the snowmelt heat obtained from the surface and bottom of the snow cover layer (W/m 2 ); R is incident radiation (W/m 2 ); ε is the emissivity of snow cover layer; σ is the Estimation of the sensible heat flux and the latent heat flux was dependent on meteorological data:
where, c p is specific heat of air at constant pressure, (J/(kg·K)); ρ is air density, (kg/m 3 ); C H and C E represent the bulk coefficient corresponding to sensible heat and latent heat, respectively; U is wind speed, (m/s); l is latent heat of vaporization, (J/kg); q sat (T) represents the saturation specific humidity corresponding to air temperature; ∆ is slope of the saturation vapor-pressure at air temperature; rh is relative humidity; and the other factors correspond to those of above mentioned. Snow depth and snow density varied due to temporal changes and compaction of the snow cover layer even within the same snowpack. The density of snow cover could only be considered as uniform. The mean snow density in the snowmelt calculation processes was generated by using Equations (13)- (16):
where, dD is the compression height of snowpack, (m); D is snow depth before snowfall, (m); β N is the compression coefficient of new snow; ρ w is water density, (kg/m 3 ); ρ D is density of the snow cover layer, (kg/m 3 ); S is water depth in the snow cover layer (m); ρ' D is snow density before calculation, (kg/m 3 ); ρ max is the maximum density of snow cover layer, (kg/m 3 ); β' is the compaction velocity of snow cover; D n is snow depth of new snowfall, (m); R s is snowfall, (m); ρ s is density of new snow, (kg/m 3 ); and other factors correspond to those mentioned above.
Definite Conditions
The same conditions for the rainfall-runoff calculation were adopted for the initial condition and boundary condition. The discharges of the surface and infiltration flow in the flow direction were assumed as 0 at the end of the upstream area (the origin of the flow) in each distributed basin ( Figure 2 ). 
Model Parameters
The parameters of the model were determined by field surveys, experiments, and a digital elevation model (DEM; Figures 1 and 2a ) of the Alun River Basin. For example, the gradients of slopes and river channel were mainly obtained via the DEM. Some parameters related to the soil hydraulic properties, such as infiltration velocity and soil porosity, were determined by infiltration experiments 
The parameters of the model were determined by field surveys, experiments, and a digital elevation model (DEM; Figures 1 and 2a ) of the Alun River Basin. For example, the gradients of slopes and river channel were mainly obtained via the DEM. Some parameters related to the soil hydraulic properties, such as infiltration velocity and soil porosity, were determined by infiltration experiments at different sites within the Alun River Basin. Directly determining some parameters, such as infiltration velocity, coefficient of permeability, and soil porosity of the subsequent soil layer (below the topsoil), proved difficult despite the use of field surveys, experiments, and a DEM. The process for calibrating such parameters is as follows. Initially, each undetermined parameter was assigned a relatively rational initial value. Next, a massive number of model calculations were conducted, and data were compared with the observed flow discharge. After the calculations were performed, errors were filtered. Finally, the parameters that produced the smallest amount of error were chosen for the numerical calculations. A loss coefficient was adopted to approximately evaluate evapotranspiration (including loss of rainfall) in the process of the rainfall-runoff calculations. Table 1 shows the characteristic values of the main parameters, and each parameter is expressed in the corresponding order of magnitude. In Table 1 , different values of a were adopted for the rainfall-runoff calculation for six years (2011-2016). The related content is mentioned in Section 3.2.5-Analysis of decreasing trend of annual peak and annual runoff.
Model Applicability
Model validation was accomplished via simulation of the observed runoff process in addition to subsequent correlation tests and error analysis. Simulated and observed runoff results of the six years (2011-2016) for the Naji Hydrological Section (Figure 2 ) are illustrated in Figure 3 . Figure 3 represents the simulated results that appropriately reproduced the observed runoff. The numerical results exhibit an excellent fit with the observed data despite the fact that the observed flow data set exhibited gaps during some periods. The simulation results for rainfall-runoff combined with snowmelt exhibit an error less than 0.03 and a Nash-Sutcliffe efficiency (NSE) that exceeded 0.90 [19] . This indicates that this model has relatively high calculation accuracy and a high efficiency. This model was therefore sufficient to adequately calculate rainfall-runoff combined with snowmelt in the Alun River Basin.
results exhibit an excellent fit with the observed data despite the fact that the observed flow data set exhibited gaps during some periods. The simulation results for rainfall-runoff combined with snowmelt exhibit an error less than 0.03 and a Nash-Sutcliffe efficiency (NSE) that exceeded 0.90 [19] . This indicates that this model has relatively high calculation accuracy and a high efficiency. This model was therefore sufficient to adequately calculate rainfall-runoff combined with snowmelt in the Alun River Basin. Figure 4 shows the spatial connection of the river channel networks within the whole region of the Alun River Basin. Rainfall-runoff calculation of the six years (2011-2016) for the Alun River Basin region was performed. The rainfall-runoff results of the whole region (the outlet section of the Alun River Basin) and the Naji Hydrological Section are shown in Figure 5 . Figure 5 exhibits a similar temporal runoff process in the two sections. As the area of the Alun River Basin is larger than the catchment of the Naji Hydrological Section, the peak flows of the basin outlet section are higher than that of the Naji Hydrological Section at the corresponding time. No obvious difference exists between the base-flows of the two sections except during the annual rainy season (June to September), while the peak flow exhibits a decreasing trend from 2012-2016. Figure 4 shows the spatial connection of the river channel networks within the whole region of the Alun River Basin. Rainfall-runoff calculation of the six years (2011-2016) for the Alun River Basin region was performed. The rainfall-runoff results of the whole region (the outlet section of the Alun River Basin) and the Naji Hydrological Section are shown in Figure 5 . Figure 5 exhibits a similar temporal runoff process in the two sections. As the area of the Alun River Basin is larger than the catchment of the Naji Hydrological Section, the peak flows of the basin outlet section are higher than that of the Naji Hydrological Section at the corresponding time. No obvious difference exists between the base-flows of the two sections except during the annual rainy season (June to September), while the peak flow exhibits a decreasing trend from 2012-2016. 
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Relationship between Flow Discharge and Catchment Area
To evaluate the relationship between the flow discharge and the catchment area, flow discharges caused by 20 of the intensive rainfall events were randomly selected for the Naji Hydrological Section and the outlet section of the Alun River Basin. The results are exhibited in Figure 6 and Table 2 . Flow discharge of the outlet section was generally greater than that of the Naji Hydrological Section for a given time since the former catchment area (6297 km 2 ) is larger that of the latter (4212 km 2 ). The mean of the 20 flow discharges and the maximum discharge were 199 and 614 m 3 /s for the Naji Hydrological Section, respectively, while they were 264 and 790 m 3 /s for the outlet section. The mean and the maximum discharges of the Naji Hydrological Section are equivalent to 75% and 78% of that of the outlet section, respectively. The catchment area of the Naji Hydrological Section accounts for 67% of the total basin area, while the mean and the maximum of the 20 flow discharges accounted for more than 70% of value for the whole basin. These results indicate that although the increase of 
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To evaluate the relationship between the flow discharge and the catchment area, flow discharges caused by 20 of the intensive rainfall events were randomly selected for the Naji Hydrological Section and the outlet section of the Alun River Basin. The results are exhibited in Figure 6 and Table 2 . Flow discharge of the outlet section was generally greater than that of the Naji Hydrological Section for a given time since the former catchment area (6297 km 2 ) is larger that of the latter (4212 km 2 ). The mean of the 20 flow discharges and the maximum discharge were 199 and 614 m 3 /s for the Naji Hydrological Section, respectively, while they were 264 and 790 m 3 /s for the outlet section. The mean and the maximum discharges of the Naji Hydrological Section are equivalent to 75% and 78% of that of the outlet section, respectively. The catchment area of the Naji Hydrological Section accounts for 67% of the total basin area, while the mean and the maximum of the 20 flow discharges accounted for more than 70% of value for the whole basin. These results indicate that although the increase of flow discharge is not proportional to the increase of the catchment area, runoff of the Naji Hydrological Section can relatively fully represent the runoff characteristics in the Alun River Basin. flow discharge is not proportional to the increase of the catchment area, runoff of the Naji Hydrological Section can relatively fully represent the runoff characteristics in the Alun River Basin. 
Annual Runoff Coefficient
The annual runoff coefficient of the six years (2011-2016) at the Naji Hydrological Section and over the whole basin were estimated by analyzing the rainfall-runoff numerical results of the Naji Hydrological Section and the outlet section ( Figure 5 ). These numerical results were combined with the observed runoff at the Naji Hydrological Section (Figure 3) , and the results are shown in Table 3 . The annual runoff coefficient of the Naji Hydrological Section is very similar to that of the outlet section in each corresponding year. Overall, higher annual precipitation generally led to more annual runoff from 2011-2016. The precipitation in 2013 was the maximum (650.9 mm) and runoff was the largest (17.0 × 10 8 m 3 for the outlet section). The runoff coefficient was also the maximum 
Monthly Runoff Distribution
The catchment area of the Naji Hydrological Section (Figure 3 ) accounts for 67% of the total basin area of the Alun River Basin. Therefore, runoff characteristics of this catchment can be considered as adequately representing runoff characteristics of the whole basin. Monthly rainfall and estimation of monthly runoff during the six years (2011-2016) in the Naji Hydrological Section are shown in Figure 7 . The figure illustrates that annual precipitation and runoff are mainly concentrated in the rainy season from June to September. The statistical results of annual rainfall and runoff in June to September of 2011-2016 are listed in Table 4 . The mean monthly rainfall in the rainy season (June to September) accounted for 20%, 27%, 18%, and 13% of annual mean precipitation, while monthly runoff in this period accounted for 14%, 30%, 28%, and 12% of annual mean runoff in 2011-2016. Rainfall and runoff in each month of the rainy season exceeded annual precipitation and runoff in 2011-2016 by at least 10%. In July, the mean rainfall and runoff reach maxima. The mean rainfall reached 140 mm and runoff was 2.34 × 10 8 m 3 , respectively. This accounted for 27% and 30% of the mean annual precipitation and mean annual runoff of 2011-2016, respectively. September) accounted for 20%, 27%, 18%, and 13% of annual mean precipitation, while monthly runoff in this period accounted for 14%, 30%, 28%, and 12% of annual mean runoff in 2011-2016. Rainfall and runoff in each month of the rainy season exceeded annual precipitation and runoff in 2011-2016 by at least 10%. In July, the mean rainfall and runoff reach maxima. The mean rainfall reached 140 mm and runoff was 2.34 × 10 8 m 3 , respectively. This accounted for 27% and 30% of the mean annual precipitation and mean annual runoff of 2011-2016, respectively. The mean precipitation and runoff in the rainy season from June to September accounted for 78% and 84% of the annual means, respectively, during 2011-2016. This means that precipitation and runoff in the other months (except June to September) only contributed 22% and 16% to annual precipitation and annual runoff, respectively. The freezing period in the Allen River Basin is from late November to March of the next year. According to the field survey, the main river channel was not cut off during the freezing period, as the base flow exists below the ice layer. However, the discharge was very small, with a size of 0.5-1.5 m 3 /s. Monthly precipitation and runoff in January, February, November, and December were less than 1% of annual precipitation and annual runoff, respectively, during 2011-2016. These results highlight the characteristics of very uneven distributions of monthly precipitation and runoff in the semiarid western region of Heilongjiang Province. Figure 8 represents the trend in mean snow depth and the calculated discharge for the Naji Hydrological Section during the main annual snowmelt period (March 1 to April 15) from 2011-2016. During the annual main snowmelt period, the snowmelt process was similar despite the fact that snow depth differed between each year. The depth of snow cover began to decrease gradually at the beginning of March, and flow discharge slowly increased, but this increase was nonobvious before late March. The concentrated snowmelt period is from late March to early April. The flow discharge significantly increases from the late March level and attains a peak at the end of March or early April. The flow discharge exhibits a decreasing trend after the peak although the deceasing trend exhibits with slight differences between each year. In 2015, snowfall occurred during the flow decreased period, and the followed snowmelt resulted in flow discharge increased in the following 3 days, and then the flow discharge decreased (Figure 8 Based on the numerical results of snowmelt calculation, runoff levels in the main snowmelt period (March 1 to April 15) were 1.10 × 10 7 , 1.45 × 10 7 , 1.29 × 10 7 , 1.58 × 10 7 , 1.66 × 10 7 , and 1.37 × 10 7 m 3 ; from 2011-2016, respectively. These levels accounted for 1.4%, 1.9%, 1.1%, 1.5%, 2.5%, and 4.7% of the annual total runoff in each corresponding year. The runoff in the main snowmelt period was 1.37 × 10 7 m 3 in 2016, which was approximately the mean of that of 2011-2015 (1.42 × 10 7 m 3 ). However, runoff during this period in 2016 accounted for 4.7% of the total runoff in 2016. This was because the total runoff in 2016 was obviously smaller than the mean of the other five years (2011-2015) ( Table 3 ). The mean snowmelt runoff accounted for 2.2% of annual runoff over the six years (2011-2016).
Runoff during the Main Snowmelt Period
Analysis of Decreasing Trend of Annual Peak and Annual Runoff
Based on rainfall-runoff calculation results of the Naji Hydrological Section and the whole basin combined with the observed data of precipitation in 2011-2016, the peak flow and three-day rainfall before peak flow in each year are given in Table 5 . Table 5 (combined with Figure 3 and Figure 5 ) exhibit the peak flows in the six years (2011-2016). They show a decreasing trend on both the Naji Hydrological Section and the outlet section of the Alun River Basin. The peak flow was significantly lower than that of the other five years in 2016. Its value was less than a tenth of the levels in 2011 and 2012, and the 2016 level was a fifth of that found in 2015. Based on the numerical results of snowmelt calculation, runoff levels in the main snowmelt period (March 1 to April 15) were 1.10 × 10 7 , 1.45 × 10 7 , 1.29 × 10 7 , 1.58 × 10 7 , 1.66 × 10 7 , and 1.37 × 10 7 m 3 ; from 2011-2016, respectively. These levels accounted for 1.4%, 1.9%, 1.1%, 1.5%, 2.5%, and 4.7% of the annual total runoff in each corresponding year. The runoff in the main snowmelt period was 1.37 × 10 7 m 3 in 2016, which was approximately the mean of that of 2011-2015 (1.42 × 10 7 m 3 ). However, runoff during this period in 2016 accounted for 4.7% of the total runoff in 2016. This was because the total runoff in 2016 was obviously smaller than the mean of the other five years (2011-2015) ( Table 3 ). The mean snowmelt runoff accounted for 2.2% of annual runoff over the six years (2011-2016).
Based on rainfall-runoff calculation results of the Naji Hydrological Section and the whole basin combined with the observed data of precipitation in 2011-2016, the peak flow and three-day rainfall before peak flow in each year are given in Table 5 . Table 5 Rainfall amount, rainfall intensity, and rainfall duration jointly impact the flow discharge of a catchment [34] . Although three-day rainfall before the peak in 2016 was obviously lower than that found in 2011-2014, it was approximately the same as that in 2015 (Table 1) . However, the peak in 2016 was significantly lower than that of 2011-2015. Additionally, there is no proportional relationship between three-day rainfall before the peak and the size of the peak flow. For example, three-day rainfall before the peak in 2014 (30. In the process of the rainfall-runoff simulation, a loss coefficient was adopted to approximately simulate evapotranspiration and loss of rainfall (Table 1) . To fit the simulated runoff with observed results, different calibrated values of this loss coefficient within its order of magnitude were adopted in the process of rainfall-runoff calculation for six years (2011-2016), although acceptable simulation results for rainfall-runoff were achieved (Figure 3) , however, caused the increases in loss of rainfall and decrease of runoff (Table 4; Figure 3) .
A field survey of land use patterns had been conducted within the upstream region of the Alun River Basin during the summer of 2016. In recent years, Heilongjiang Province and Inner Mongolia have enlarged the rice planting area and has converted dry land to paddy land in order to more effectively utilize natural resources [47] . In the upstream area of the Alun River Basin, the agricultural production activities that have converted dry fields to paddy fields have been carried out since 2013. In the spring of 2016, the area of paddy fields evidently increased. Enlarged paddy fields caused the catchment area to decrease. As the main growth period of rice coincides with the local rainy season, paddy fields partially dammed rainwater and runoff. This resulted in notable decreases in peak flows from 2013-2016, and the decreasing trend in annual runoff.
The area of dry fields converted to paddy fields as well as the irrigation levels of paddy fields in the upstream area of the Alun River Basin has not been quantified. Therefore, the impact of paddy fields on runoff exceeds the scope of this study and will require further research.
Concluding Remarks
The Alun River Basin exhibits typical meteorological and hydrological characteristics of the semiarid western area of Heilongjiang Province and was chosen as the study location. Rainfall-runoff modeling combined with snowmelt numerical calculation was performed for a study period of six years (2011) (2012) (2013) (2014) (2015) (2016) . This was accomplished with a distributed hydrological model that incorporated a rainfall-runoff module and a snowmelt module. Based on the analysis of the combination of rainfall-runoff calculation results and the observed results, some rainfall-runoff characteristics have been achieved as follows:
The mean annual runoff coefficient was 0.34 for 2011-2016. Annual precipitation and runoff was mainly concentrated in the rainy season from June to September. Rainfall and runoff in this period accounted for 78% and 85% of the mean annual total precipitation and annual runoff, respectively.
Annual snowmelt processes were similar year-to-year, and the peak flow in main snowmelt period (March 1 to April 15) was approximately 10 m 3 /s. The ratio of the mean annual snowmelt runoff to the mean annual runoff was 2.2% during 2011-2016.
The peak flow exhibited a decreasing trend. It exceeded 700 m 3 in 2011 and 2012, while it was less than 100 m 3 in 2016. Low annual precipitation in conjunction with paddy field retention of rainwater and runoff caused the peak flow and runoff to significantly decrease in 2015 and 2016.
The enlarged area of paddy fields that were transformed from dry fields in the upstream region of the Alun River Basin resulted in the evident reduction of annual runoff and the peak flow. This will inevitably impact the downstream agricultural production and the water environment of the Alun River Basin. With climate and environment evolving, the determination of runoff reduction impacts on the water environment and agricultural production will become an increasingly important research topic in the semiarid western area of Heilongjiang Province, China. 
